Eighty one fi nger millet germplasm accessions from East Africa were evaluated in eight environments in Kenya, Tanzania and Uganda for adaptation and grain yield stability, genotype and genotype x environment (GGE) models. Lanet 2012 long rains, Serere 2012 long rains and Miwaleni 2012 long rains were found to be the most discriminating environments for the low temperature, sub-humid mid-altitude and dry lowland areas, respectively. Seven genotypes were identifi ed for yield stability across the eight environments, whereas nine genotypes had specifi c adaptation. Fourteen genotypes attained the highest grain yield and had varied maturity, plant heights and grain colour. This will provide farmers the opportunity to select genotypes appropriate to their target agroecologies with desired traits. The East African fi nger millet germplasm has high potential as a source of climate smart, high yielding genotypes for direct production and/or breeding.
Introduction
Finger millet in East Africa is mainly grown in the sub-humid to humid zones of Lakes Victoria and Tanganyika, where blast disease (caused by the fungus Magnaporthe grisea) thrives, the cool highlands with low temperatures and to a lesser extent in the low rainfall lowlands that suffer from moisture stress/drought. Finger millet has been reported to be sensitive to temperature extremes. Very high temperatures (38°/28°C compared to 32°/22°C), decrease panicle emergence, number of seeds per panicle, grain yield and harvest index (Opole, 2012) whereas low temperatures have been reported to affect pollination and fertilization processes (Bandyopadhyay, 2009) . The improved cultivars available in the region have been derived mainly from germplasm selections (Oduori, 2008) . The extent of signifi cant genotype by environment (G×E) interactions determine the consistency of performance of genotypes across locations and seasons. Partitioning of G×E interaction into Genotype × Locations and Genotype × Years within Locations enables the identifi cation of genotypes with specifi c adaptation to an environment or with wide adaptability (Yan and Tinker, 2006; Das et al., 2011) . In East Africa, no G×E studies have been reported in fi nger millet and most cultivar selections have been based on individual location testing. This limits the appreciation of the performance potential of many cultivars in other agro-ecologies not used as test sites. Signifi cant G×E interactions for grain yield and yield components in fi nger millet have been reported in India by, among others, Misra et al. (2010) and Joshi et al. (2005) and in Ethiopia by Bezaweletaw et al. (2006) . This study was conducted to evaluate the G×E interaction and yield stability of 81 fi nger millet accessions selected from an East African germplasm pool.
Materials and Methods

Experimental Material
A total of 81 genotypes (which included fi ve checks-U 15, KNE 814, KNE 479, Nakuru FM 1 and Kahulunge) with high productivity potential were used in this study (Table  1) . These comprised selection from 420 accessions (340 landraces and 80 minicore set) previously phenotyped across four locations in Kenya.
Test Environments and Experimental Design
Trials were tested in eight environments (Table 2) . They were planted in a 9 × 9 square lattice design with two replications per environment; each experimental plot comprising three 4 m length rows with inter-row and intra-row spacing of 0.4 m and 0.1 m, respectively. Seeds were manually drilled in furrows and thinned two weeks after emergence to 41 plants per row. Fertilizer application, weeding and pest control were done according to recommended practices. Data collected for days to 50% fl owering (when half of the plants in the plot had started fl owering) plant height (from the base of the stem to the tip of the panicle at hard dough stage in cm), grain yield t ha -1 ). The trials were conducted under rain grown conditions at all environments except at Kiboko and Miwaleni where supplementary irrigation was applied during very dry periods up to fl owering.
Data Analysis
GGE Biplot Analysis
For GGE biplot analysis, Yan (2002) model based on the singular value decomposition (SVD) of the fi rst two principal components was used in Genstat 15.0 (http:// www.genstat.co.uk). The GGE biplots were interpreted Yan et al. (2001) and Yan (2002) and used to discriminate the environments.
Results
Discriminatory Ability and Representativeness of Test Environments
The GGE biplot explained 46.1% of the total G×E interaction for grain yield (Fig. 1) . High correlations were detected between Miw12LR, Kib11SR, Kib12LR, Alu11SR and Alu12LR and between Lan12LR and Uyol12. The environments were placed in three groups based on inter-environment distances (Fig. 1) (1 best adapted), and genotypes 37, 35, 71 and 75 for Lan12LR and Uyol12 (37 best adapted) (Fig. 1) .
Genotype Ranking Based on Mean Grain Yield and Stability
Genotypes 74, 32, 71 and 28 had the highest mean yield regardless of stability and 5, 12, 25, 27, 30, 33, 48, 56 and 76 , were most stable regardless of yield. Genotypes 3, 5, 17, 25, 28, 36, 42, 45, 56 and 71 were highly stable with grain yield above the grand mean across environments (Fig. 2 and Table 3 ). Genotypes 15 and 70 were unstable with the lowest grain yield whereas genotypes 27, 30, 33, 48, 54, 65 and 78 were stable but with low yield.
Discussion
Discriminatory Power and Representativeness of Test Environments
The most discriminating environment will give the most information about the genotypes and it is characterized by long vectors from the biplot origin (Yan and Tinker, 2006) . For grain yield, Lan12LR followed by Miw12LR and Ser12LR were the most informative Indian J. Plant Genet. Resour. 30(2): 115-119 (2017) 
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environments whereas Alu12LR and Alu11SR were the least informative. Based on polygon biplot, there were three mega-environment groups with the cool high elevation environments Lan12LR and Uyol12 in one mega-environment; Alu11SR, Alu12LR (sub-humid, mid-altitude), Kib11SR, Kib12LR and Miw12LR (dry lowlands) in another group; and Ser12LR (sub humid mid-altitude) on its own. Although, Ser12LR formed its own mega-environment, its significant positive correlation with Alu12LR was more realistic as these two environments fall within the same sub-humid zone with similar mean temperatures and rainfall. Ser12LR was the most representative test environment in terms of average interaction effects with the genotypes in terms of PC1 and PC2 and relative to environments and genotypes evaluated whereas Lan12LR and Alu12SR were the least representative for grain yield. Ser12LR was also highly discriminating for grain yield and hence useful for carrying out selection for both general and specifi c adaptation to sub-humid environments. Hopkins Indian J. Plant Genet. Resour. 30(2): 115-119 (2017) EO Manyasa et al. (1938) alluded to the fact that phenological development of plants can differ by four days for every degree of latitude. Therefore, Lan12LR would be ideal for low temperature genotype discrimination, it should be utilized separately from Uyol12 when selecting for specifi c and general adaptation considering the differences in latitude (5°) between the two environments.
Genotype Ranking Based on Mean Yield and Stability Indices
The vertex (winning) genotypes in each environment based on polygon rays of GGE , 5, 17, 25, 28, 36, and 71 . These genotypes were early to medium in fl owering, had average height and moderate resistance to blast. However genotypes 25, 30, and 71 may be best utilized in environments with low incidence of blast as they were susceptible to all three blast types.
Conclusions
The high elevation low temperature finger millet production environments were distinctly separated from the warmer mid-altitudes and lowlands environments. Lan12LR was identifi ed as an ideal environment to discriminate low temperature adapted genotypes, Ser12LR for sub-humid environments and Miw12LR for the dry lowlands for grain yield. Adaptation testing for the low temperature environments Lan12LR and Uyol12 may be handled separately considering large differences in latitude between them. Genotypes 3, 5, 17, 25, 28, 36 and 71 were identifi ed to be stable across the eight environments based on grain yield. Genotypes 1, 18, 19, 37, 54, 61, 74, 75 and 77 were identifi ed for specifi c adaptation.
